and during soccer-specifi c intermittent exercise [ 12 ] . However, heart rate based-methods for quantifying training load are not accurate in the diff erentiation of high intensity (and/or short duration) exercise above maximal VO 2 (VO 2max ), like in several interval-training methods, or in training modes such as resistance or plyometric training. Additionally, these methods require the use of heart rate monitors during soccer training, which is not easily feasible since a large number of devices are required, and not all the players feel comfortable in wearing the device during soccer practice. Moreover, heart rate transmitters are not permitted during offi cial competitive matches, which is also a limitation, because the match represents a high percentage of the total week loading [ 1 , 20 ] . Finally, the calculations when using heart rate for training load requires technical expertise and is a time consuming process. Beyond heart rate-based methods, rate of perceived exertion (RPE) could be another option for training load monitoring, because it is a simple, versatile and cheap method, and correlates with heart rate, blood lactate concentrations and Introduction ▼
Introduction ▼
The monitoring of training load is a key factor for the control of the training process in sport. An accurate evaluation of training load is paramount for the planning and periodization of training, especially in the prevention of undertraining or overtraining and ensuring that athletes are in an optimal condition for competition [ 24 ] . This is particularly diffi cult to achieve in team sports, since many specifi c conditioning drills vary considerably in the number of players involved, and the specifi c tactical roles performed by players. Indeed, diff erent exercise designs and the diversity of tactical roles among players will lead to diff erent physiological demands as well as to inter-individual variations in the imposed training load [ 6 ] . Banister [ 4 ] and Edwards [ 14 ] proposed two heart rate-based methods for training load monitoring. The rationale of heart rate based methods to quantify the training load is the observation that heart rate presents an almost linear relationship with oxygen consumption (VO 2 ), both at steady-state submaximal exercise intensities [ 3 ] An accurate evaluation of training load is paramount for the planning and periodization of training. The aim of the present study was to evaluate the relationship between a new method to monitor training load in soccer (Visual Analogic Scale training load; VAS-TL), and two established heart rate-based methods (TRIMP and Edwards' method). 51 soccer players (age 15.6 ± 0.3 years) answered 2 questions to assess perceived exertion and fatigue (VAS1-TL, and VAS2-TL) after training sessions and offi cial matches. Performance in the Yo-Yo tests, VAS scores and heart rate of training sessions and matches, and match activity were analysed. We found signifi cant correlations (r = 0.60-0.72; p < 0.05) between VAS-TL, TRIMP, and the Edwards' training load method, with the highest correlations achieved in the matches. Although the diff erent methods to monitor training load were correlated with the distance covered during the match (r = 0.53-0.78; p < 0.05), only VAS1-TL was associated with high-intensity activities (r = 0.43-0.54; p < 0.05). The new VAS-based perceived exertion method to monitor training load is easy to apply and is sensitive to diff erences in positional role and physical capacity. Thus, the applied method may be used in addition to the usual training load methods, allowing for daily quantifi cation of individual training load in soccer.
VO 2 [ 11 ] . Furthermore, compared to heart rate-based methods, RPE gives a more holistic indication of the global internal load, because it is indicative of both psychological and physiological stress [ 28 ] . That said, Foster and colleagues [ 18 ] proposed a method to quantify internal training load (session-RPE) based on a category ratio scale (CR10-scale; [ 8 ] ). These authors multiplied the whole training session-RPE score by the duration of the training session. However, it was emphasized that session-RPE is not a valid substitute of heart rate methods, since only about 50 % of variance in heart rate was explained by the session-RPE score [ 20 ] . Therefore, to assess and monitor the acute individual's training load response, a simple system is needed. Visual analogue scale (VAS) questionnaires have been considered an alternative tool to monitor exercise exertion. Visual analogue scales are presented in a graphic scale, and provide a continuous outcome variable [ 21 ] , which allows the use of parametric statistics for research purposes. Moreover, a strong correlation (r = 0.99; p < 0.05) was found between VAS and the CR10 Borg's scale in arm-cranking exercise [ 9 ] , and VAS has been used both in recreational exercisers [ 7 , 22 ] and elite soccer players [ 2 ] . Therefore, this systematic assessment of the internal load could be useful to guide the training process [ 25 ] . For this purpose, VAS questionnaires could be a simple method to routinely collect indirect qualitative-quantitative data for training load monitoring. VAS has shown good reproducibility and sensitivity for subjective ratings of perceived exertion during steady-state exercise [ 22 ] . However, the validity of VAS questionnaires as a training load monitoring tool has not been investigated. Moreover, the relationship between VAS scores and heart rate-based methods of training load quantifi cation across the diff erent weekly training sessions, as well as during offi cial matches, has not been assessed in soccer players. Therefore, the purpose of this study was to evaluate the convergent validity of a new method of training load monitoring based on VAS scores, and two standard heart rate-based methods during soccer practice and competition.
Materials and Methods

▼ Design
We collected the data for this study during a 4-week period in the middle of a 9-month competitive season. The fi rst two weeks of the study comprised anthropometric measurements, and laboratory and fi eld tests. In order to determine the maximal heart rate and the physical capacity of the players, they performed an incremental laboratory VO 2max treadmill test and two fi eld tests: the Yo-Yo intermittent endurance test -level 2 (Yo-Yo IE2), and the Yo-Yo intermittent recovery test -level 1 (Yo-Yo IR1). The laboratory and fi eld tests were conducted in a random order, and were completed within a 2-week period without competitive games. The following 2-week period was devoted to training and match assessments. We monitored heart rate and RPE in each of the 3-weekly training sessions and in 2 offi cial home matches, played two weeks apart. We performed timemotion analysis for the 10 outfi eld players of each of the three analysed teams. We used the relationships between the VAS training load (VAS-TL) and the commonly used heart rate based training load quantifi cation methods to examine the usefulness of the VAS-TL as a method of assessing training load. We collected VAS and heart rate data for 495 individual training sessions and 64 individual matches. We used for each player, a minimum of 6 training sessions for collecting VAS and heart rate data. We totalled the training loads for each day of the week to provide a weekly training load.
Participants
We analysed 51 regional level youth soccer players from 3 teams competing in the fi rst division of the Portuguese soccer league. Their age, height, weight, and percentage of body fat were (mean ± SEM) 15.6 ± 0.3 years, 168.7 ± 1.5 cm, 61.5 ± 2.2 kg, and 14.9 ± 0.8 %, respectively. We classifi ed players according to their fi eld position: fullbacks (n = 13), central defenders (n = 10), midfi elders (n = 14) and forwards (n = 14). Goalkeepers were excluded from the analysis. We interviewed all players in order to provide information concerning the number of years of soccer practice and hours of regular training per week. Players had been regularly involved in soccer for 4.0 ± 0.6 years. The study was conducted in accordance with recognised ethical standards [ 19 ] , and was approved by the Scientifi c Committee of the Faculty of Sport of the University of Porto and by the club offi cials. Players and their parents provided informed consent.
Laboratory tests
The laboratory treadmill test started with a warm-up at 6 and 8 km·h − 1 in 2. respiratory exchange ratio (RER) greater than 1.10; or (c) heart rate ± 5 % of age predicted maximal heart rate. We considered individual values of maximum heart rate (HR max ) as the peak values reached in 5-s periods.
Field tests
All the 51 players that participated in the study performed the Yo-Yo IE2 and Yo-Yo IR1. After a 10-min warm-up consisting of the fi rst four running bouts of the tests, the players carried out 2 × 20 m runs back and forth between the start and fi nish line at a progressively increased speed controlled by audio bleeps from a CD player, according to Bangsbo [ 5 ] . After each 2 × 20 m running bout, the players had a 5-s (Yo-Yo IE2, 2 × 2.5 m) or 10-s (YoYo IR1, 2 × 5 m) active recovery periods. We considered the tests ended when the subjects failed twice to reach the starting line (objective evaluation) or the participant felt unable to complete another shuttle at dictated speed (subjective evaluation). We considered the total distance covered during the Yo-Yo IE2 and Yo-Yo IR1 as the testing score. We recorded heart rate in 5-s intervals by short-range radio telemetry (Team System, Polar Electro OY, Kempele, Finland). We administered the Yo-Yo tests outdoors on artifi cial turf.
Training schedule
We obtained the content of individual training sessions from the coaches. A description and duration of the content of a typical weekly schedule is shown in • ▶ 
Determination of internal training load
We determined the internal training load for each player during each training session and match by three diff erent methods: VAS-TL method, and two heart rate-based methods: Edward's TL and TRIMP.
VAS-TL
All players had been familiarized with VAS questionnaires for rating perceived exertion before the commencement of the study. Each player's VAS-TL was collected about 30 min after each training session or match, to ensure that the perceived eff ort referred to the whole session rather than the most recent exercise intensity [ 20 ] . The VAS consisted of a 100-mm horizontal line. The questionnaire included two questions. The words "no eff ort at all" or "not demanding at all" were placed at the left end of the scale, and "maximal eff ort" or "maximally demanding" were placed at the right end of the scale, for questions 1 and 2, respectively ( • ▶ Fig. 1 ). The VAS was scored from 0 to 10, but the subjects were unaware of the numbers. To design which questions to use, the players were asked questions about their training load in training sessions and matches. Based on their comments, the questions used in the study were worded to address the aim of the study. We designed the questions to evaluate the perceived exertion during the training sessions or match. The questions were: "How do you classify the eff ort made during the training session (or match) today?" (VAS1) ''How physically demanding did you perceive the training session (or match) today?'' (VAS2). VAS-TL is an RPE-based method proposed in this study, and was calculated by multiplying the scores obtained in the VAS questionnaire in one training session or match by its duration in min.
Heart rate based methods to determine training load
We used two heart rate-based methods for quantifying training load as the criteria of internal training load: the Edwards' training load method [ 14 ] , and the TRIMP method [ 4 ] . The heart rate-based method proposed by Edwards [ 14 ] to determine internal training load involved integrating the total volume of the training session with the total intensity of the exercise session, relative to fi ve intensity phases. An exercise score for each training bout was calculated by multiplying the accumulated duration in each heart rate zone by a multiplier allocated to each zone (50-60 % HR max = 1, 60-70 % HR max = 2, 70-80 % HR max = 3, 80-90 % HR max = 4, and 90-100 % HR max = 5), and then adding up the results. The TRIMP method proposed by Banister [ 4 ] assumes that each exercise bout elicits a training impulse. The TRIMP was determined using the following formula:
where D = duration of training session; and b = 1.92
where HR rest = the average heart rate during rest; and HR ex = the average heart rate during exercise.
To reduce heart rate recording errors, we asked the players to check their heart rate monitors before each session, and before and at the half-time break of the match. Following each training session and match, we downloaded heart rate to a computer using Polar Software. We measured the players' resting heart rate during 5 min of seated rest in three diff erent mornings during the study period after an overnight fast. We considered the individual HR max as the highest value reached during either an incremental treadmill test, the Yo-Yo IE2, the Yo-Yo IR1, or during training.
Match time-motion analysis
We fi lmed and analysed each player in two consecutive matches separated by 15 days. In order to avoid interferences of pitch dimensions, we restricted all the videotaped games to homematches, and both were fi lmed by the same group of researchers. How physically demanding did you perceive the training session or match today? We performed time-motion analysis according to the procedures defi ned elsewhere [ 10 , 27 ] . We fi lmed a close up of each player during the entire match using digital video cameras (DCR-HC53E, Sony, JAPAN) positioned at the side of the fi eld, at a height of about 15 m and at a distance of 30-40 m from the touchline. We later replayed the videotapes on a monitor for computerizing coding of the activity pattern. We determined match activities as previously reported [ 10 ] : standing (ST, speed from 0-0.4 km·h ); highintensity activity (HIA; HIR + SPR). We recorded the frequency and duration of each activity throughout the game. We determined the distance covered for each locomotor activity as the product of the total time and mean speed for that activity. These categories and the corresponding mean speeds were determined after detailed analysis of the videotapes using glass pre-markers previously established as reference [ 27 ] . We calculated the total distance covered during a match as the sum of the distances covered during each type of activity. An experienced observer analysed all the match recordings.
Measurement variability
We estimated reliability statistical analyses of all variables using a test-retest procedure with a random sub-sample of 10 subjects. The intraclass correlation coeffi cients (ICC) of fi eld (distance covered in Yo-Yo tests) and laboratory (VO 2max ) measure ments ranged between 0.80 ≤ ICC ≤ 0.97, and 0.75 ≤ ICC ≤ 0.82, respectively. Reproducibility of the results obtained by the time-motion analysis was determined in a pilot study, in which fi ve matches were analysed twice by the same observer. The two analyses were separated by one month. No diff erences were observed in the test-retest analysis, and the intra-individual diff erences in total distance covered were less than 0.3 km (coeffi cient of variation = 1 %). We observed that the coeffi cient of variation for testretest analysis was 2 % for walking, jogging and low-intensity running, 5 % for medium-intensity running, 3 % for high-intensity running, and 7 % for sprinting and backwards running. In addition, we used Kappa of Cohen coeffi cient to check the reliability of the time-motion variables. The results showed a good inter-observer agreement coeffi cient for movement type, standing (κ = 0.87), walking (κ = 0.86), jogging (κ = 0.91), mediumintensity running (κ = 0.90), high-intensity running (κ = 0.89), sprinting (κ = 0.90), and high-intensity activity (κ = 0.83). Intraobserver agreement coeffi cients ranged between 0.90 and 0.94.
Statistical analysis
A statistical power analysis was performed prior to the start of the study, to ensure adequate statistical power with the correlation analysis, and with comparisons between training sessions and matches on each dependent variable. Results reported by Impellizzeri et al. [ 20 ] were used to guide the determination of the required sample size for the correlation analysis. In this case, for a signifi cance level of 0.05, the sample size required for a statistical power of 0.95 was 21 subjects. Regarding the comparisons between training sessions and matches on each dependent variable, for a signifi cance level of 0.05 and a medium-expected eff ect size ( > 0.25), the sample size required for a statistical power of 0.95 was 36 subjects. Statistical power analysis was carried out using G*Power version 3.1.2 for Mac [ 16 ] .
Results are presented as means ± standard errors of mean (SEM). To estimate the reliability of the variables analysed coeffi cients of variation and intraclass correlation coeffi cients were calculated. Diff erences between training sessions and matches on each dependent variable, including heart rate values, VAS-TL, TRIMP and Edwards's training load (Edwards' TL), were analysed using a one-way ANOVA for repeated measures, followed by Bonferroni's post hoc test. The relationships between VAS-TL scores and the 2 heart rate-based methods of training load measurement were assessed using Pearson's product moment correlation and multiple regression models. Statistical significance was set at p < 0.05 and SPSS Statistics version 19 was used for all inferential analyses. 
Results
▼ Training load in training sessions and offi cial matches
Correlations between training load and match timemotion variables
The distance covered in the match showed large correlations with match VAS1-TL, VAS2-TL, and Edwards' TL (r = 0. 
Infl uence of fi eld position in training load
The absolute and relative values of heart rate during training sessions and matches are presented in • ▶ Table 3 . With exception of central defenders, mean heart rate values during the match were higher than in training sessions (p < 0.05). No diff erences between positions were found in heart rate during training sessions and match. Players from all fi eld positions showed higher values of training load in the match than in training sessions, when training load was calculated with VAS-TL and Edwards' TL methods, but not with TRIMP ( • ▶ Fig. 4 ). However, given the low number of subjects of the analysis by fi eld position, it was not possible to confi rm statistically these diff erences. VAS1-TL in the week was higher in central defenders than in fullbacks (p = 0.038). As 
Discussion ▼
The results of this study showed that VAS-TL could be a surrogate of TRIMP and Edwards' TL methods in quantifying exercise training in soccer, and thus a good tool to monitor internal training load during the season. Training load calculated with VAS-TL, TRIMP and Edwards' TL methods varied signifi cantly between training sessions and matches. Matches showed the highest training load. We found signifi cant correlations between VAS-TL, and TRIMP and Edwards' TL in training, but the higher correlations were reached in the matches. The distance covered in the match correlated with match VAS-TL, TRIMP and Edwards' TL. However, only VAS-TL correlated with high-intensity activities. Moreover, the performance in the Yo-Yo IR1 was inversely correlated with VAS2-TL in the match. T1  TL-T2  TL-T3  TL Independent of the method used for the analyses, this study showed that the training load varied between the diff erent training sessions of the week and the match. The second training presented the highest training load of the three weekly training sessions, while match showed the peak training load. These results showed that, when planning the weekly training schedule, coaches tend to include the training sessions with the highest training load in the middle of the week [ 29 ] . This strategy might be linked to the need of providing adequate time to recover after the last match and before the next one. A periodization of the training during the week is required in order to avoid training and match-related fatigue, and prevent overreaching and overtraining [ 23 ] . Moreover, as previously described for adult male [ 15 ] and female players [ 1 ] , the present study demonstrated that the match training load represents the main training load of the week for youth soccer players. However, it is not possible to state if this is a rational option of the coach, or if it represents the diffi culty the coaches have to create training sessions as demanding as competitive matches. Matches are usually accompanied by high levels of psychological stress that could infl ate the perceived eff ort of soccer players after the match, in comparison with training. In fact, perceived exertion has been conceptualized as a psychophysiological phenomenon, since exercise-induced alteration in perception covaries with aff ective changes [ 28 ] . This point needs to be investigated in future studies, since it would be expected that training should mimic the competition's training load.
TL-
In the present study, there were signifi cant correlations between VAS-TL, TRIMP and Edwards' TL, in the fi rst and second training sessions of the week, with the higher correlations observed in the match. However, we observed lower correlations between both TRIMP and Edwards' TL methods, and VAS-TL than those reported in previous studies performed with session-RPE in male [ 20 ] and female soccer players [ 1 ] . As the players analysed in this study were younger than the subjects from the aforementioned studies, it could be suggested that youth players might have underestimated the eff ort spent in training or matches. In fact, previous studies performed in children concerning agerelated preferences in the use of information to form judgements of physical competence showed that, as age increases, greater emphasis is placed on self-referenced information, such as degree of exerted eff ort [ 30 ] . A relationship between TRIMP and Edwards' TL methods was expected, since both methods use heart rate response to exercise for the calculation of training load. Interestingly, as previously observed for session-RPE [ 20 ] , VAS-TL correlated signifi cantly with TRIMP and Edwards' TL. Thus VAS-TL could be a valid surrogate of heart rate-based methods for training load monitoring in soccer. It might be questioned as to why VAS-TL and the two methods of training load quantifi cation did not show any significant correlation in the third training session of the week. However, the third training session included set pieces ( • ▶ Table 1 ), which might have been felt by players as low-eff ort and high motivational tasks, which could result in a decrease in the training perceived eff ort. In opposition, the heart rate based methods would not have been as sensitive as VAS-TL to evaluate the specifi c characteristics of the third training session. This possibility should not be underestimated, as previous studies referred to the importance of psychological factors in perceived eff ort and overtraining [ 28 ] . Thus, in a quite speculative way, it could be hypothesised that using VAS-TL players could give a more global picture of the training session than with heart rate based training load methods. This could be linked to the fact that the RPE measures the "whole", while heart rate measures only a part of the "whole" [ 28 ] . The three methods investigated seem to be valid options to calculate the global training load of the match. However, heart rate-based methods might not be as accurate as VAS-TL when training involves high-intensity activities. In fact, although the distance covered in the match correlated with VAS1-TL, VAS2-TL, TRIMP and Edwards' TL, only the VAS-TL correlated with the percentage of time spent in HIA during the match. Heart rate is not a good indicator of very high-intensity exercise, such as weight training, high-intensity interval training, and plyometric training [ 11 ] , as well as in match-related small-sided soccer games [ 24 ] . In contrast, VAS-TL is not dependent on heart rate responses to exercise, but on the rate of perceived eff ort. Thus, as fatigue in a soccer match is strongly related with the ability to perform high intensity exercise, the use of perceived exertion-based methods -such as VAS-TL -are preferred when the analysis of soccer-related fatigue is required. This notion is supported by the fi ndings of the present study that HIA and the percentage of time spent with sprint activities correlated with VAS-TL. Interestingly, the performance in the Yo-Yo IR1 inversely correlated with VAS2-TL in the match. This inverse relationship suggests that players with higher ability to perform high-intensity intermittent exercise show a lower perception of the match demands. In fact, it has been previously described that higher values of physical fi tness are related with lower scores of perceived exertion, for a given exercise intensity [ 14 , 17 , 25 ] . There were some issues that were not suffi ciently analysed in the present study that should be fully elucidated in the future. In order to improve the reliability of the preliminary conclusions of the present study, we recommend analysis of a larger sample of soccer players in a higher number of training sessions and matches. Moreover, as the workload during soccer match presents a high inter-individual variability, the calculations of the coeffi cients of association between the Yo-Yo IR1 performance and VAS-TL should consider the eff ect of the external load in VAS-TL scores. This can be accomplished by investigating the validity of VAS-TL scores in matches in contrast to standardised protocols that simulate the activity pattern characteristic of the game of soccer. It is also of interest to investigate the infl uence of competitive level and age on the eff ectiveness of VAS-TL as a tool for training load monitoring. In summary, the results of this study showed that VAS-TL could be a surrogate of TRIMP and Edwards' TL methods in quantifying exercise training in soccer, and thus a good tool to monitor internal training load during the season. Since VAS-TL consists of a simple and low-time consuming questionnaire, this tool might be used in the routine training periodization plans in soccer. However, more studies are required to fully validate the VAS-TL method proposed in the present study.
